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APPENDIX A

SUPERFUND PROCESS —~

A-1 REM IT AND SUPERFUND IMPLEMENTATION

CERCLA establishes a national program for responding to releases
of hazardous substances into the environment. In addition, the
National 0il and Hazardous Substances Pollution Contingency Plan
(NCP) establishes the process for determining appropriate
remedial actions at Superfund sites. Together, CERCLA and the
NCP require that a remedial action selected for a Superfund site
be cost-effective and that it be adequate to protect public
health.

A-2 THE RI/FS PROCESS

In accordance with the NCP, potential hazard waste sites are
subjected to a preliminary assessment, if necessary, detailed
site inspection. If evidence of hazardous waste activity is
found, posing an actual or potential threat to public health
and/or the environment, it must be determined whether removal of
the wastes is necessary.

If removal actions are not required, an evaluation is made of the
potential threat to public health and/or the environment relative
to that posed by other potential hazardous waste sites. In this
manner, a relative ranking is developed as the basis for
inclusion of the site on the National Priorities List (NPL).
Inclusion of a site on the NPL is a prerequisite for expenditure
of monies from Superfund to conduct a more detailed site
investigation and evaluation of remedial actidén alternatives.

A detailed site investigation and a remedial alternative
consideration are conducted as a remedial investigation/
feasibility study (RI/FS), in accordance with the NCP. The RI/FS
is an integrated approach. The RI characterizes the nature and
extent of contamination at the site, identifies potential
containment migration pathways and exposure routes, and evaluates
the present and/or potential threat to the public and the
environment due to site contamination. Data gathered during the
RI are used for the development and evaluation of possible
remedial action alternatives in the FS. 1In the FS phase report,
feasible techneclogies (e.g., surface-water diversion, capping,
landfilling, treatment) are defined to mitigate or eliminate the
health or environmental threats identified in the RI. These
technologies are assembled into alternative remedial actions and
subjected to an initial screening to identify those that address
the goals of remedial action and can be implemented, and to
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eliminate inappropriate and most costly alternatives. Those
alternatives remaining following the initial screening phase are
subjected to more rigorous evaluation. - -
The RI/FS process results in an objective, comparative evaluation
of the most appropriate remedial alternatives to meet the cleanup
objectives for the site. This evaluation is prepared in the form
of a draft report and subjected to public and agency review and
comment. A final RI/FS report is prepared summarizing comments
received during the public review period and comment responses.
Based on the final RI/FS report, EPA selects the recommended
remedial action alternatives.

The purpose of the REM II program is to provide technical and
management services in support of EPA remedial planning
enforcement and activities at selected uncontrolled hazardous
substance disposal sites. This program was established under
CERCLA, commonly referred to as Superfund. EPA's Hazardous Site
Control Division (HSCD), through Contract No. 68-01-6939, has
employed Camp Dresser & McKee, Inc. (CDM) of Boston,
Masgssachusetts to implement remedial response activities in EPA
Regions I through X.

Contract No. 68~01-6939, titled "Performance of Remedial Response
Activities at Uncontrolled Hazardous Waste Site," and called "REM
II," is a 4-year contract to provide:

o Remedial investigations.

o Engineering feasibility studies.

o Oversight of remediai planning and implementation
projects performed by states and/or responsible
parties.

o Engineering design services.

o Monitoring.

o Resident engineering, training, technical services, and
program management.

o Support to EPA.

Figure A-1 provides a simplified logic diagram for the major
components associated with the performance of an RI/FS by the REM
I1 team. The initial documents prepared for this assignment are
components of the Southern Maryland Wood Treati - site Work Plan
and Project Operations Plan (POP). These documents define the
objectives and scope of the RI field activities. The results of

A-2 AR301025
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the field activities are reported in the RI, Sections 1 through
4, with the initial remedial alternatives discussed in the FS
Section 6 of this document.

Note that additional field work (i.e., Phase III activities) is
required to obtain essential information to adequately finalize
response objectives and develop/analyze remedial options.
Therefore, this document only addresses site remediation
considerations and initial technology screening.
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1.0 Introduction

This report describes Subtask 5 of Task 1.0 (Initial Support{

Activities) of the Work Plan for the Remedial Investigation (RI)
at the Southern Maryland Wood Treating (SMWT) site in Bollywood,
Maryland. Details of the development and validation of a field
screening method for the determination of total polynuclear
aromatic hydrocarbon (PAH) concentration in both scils and
waters are presented in the following sections of this report.

The purpose of this method development and validation work was
to develop a rapid (10-20 minutes), semi-quantitative analytical
method for screening analysis of soils samples for total polynuc-
lear aromatic hydrocarbon (PAHs) with a target detection limit
in the range 1-10 ug/g. This method was to give a total concen-
tration of PAEs which is comparable to those obtained using
conventional analytical methods (e.g., EPA=-CLP Protocol and/or
8270). The technical approach described in the following
sections focuses on the development of a rapid extraction of
PAHs from soils and waters with analysis using UV fluorescence
spectrophotometry.

2.0 Abstract

A rapid field screening technique for the determination of total
Polynuclear Aromatic Hydrocarbons (PAH) in 80ils and waters was
developed and validated for use at the Southern Maryland Wood
Treating Site. 1Initially, a literature search was performed to
provide information on alternative extraction and analysis
methods, UV fluorescence spectral characteristics of the PAEHs
of interest, and concentrations of interest. Based on the
literature search, development methods were concentrated on the
use of UV fluorescence for analysis of PAHs in the soil and water
samples.

Three representative PAH compounds =-- naphthalene, acenaphthene,
and phenanthrene, found in samples from the Southern Maryland
Wood Treating Site (ERT sampling, January 1985) -- were selected
as target compounds in the Method Development and Method Valida-
tion phases of this project. These three compounds were used to
spike distilled water and background scil to establish the
accuracy and precision of rapid screening techniques for water
and soil. §Soil and water samples were extracted for analysis by
UV fluorescence spectrophotometry.

The fluorescence spectra of seven PAH compounds found in the
majority of samples at highest concentrations in samples from the
SMWT site in January 1985 were examined, as an initial step
towards analysis of soils and water samples. Based on the UV
fluorescence spectra of the PAH compounds, wavelength pairs were
selected which would most accurately quantify the mixture of
PAH compounds present at the SMWT site.

1 AR3G 1030
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It was concluded that the method developed for field screen
water and soil samples from the SMWT site, utilizing UV fluores-
cence spectrophotometry, is a reliable and accurate means for
estimating the total PAH concentration at the SMWT site. A
description of the technical approach, summary method accuracy
and precision, and a comparison of rapid screening and GC/MS data
are presented in the following sections.

3.0 Screening Method Development
3.1 Selection of PAH Target Compounds

The three target compounds used for method validation were
selected by examining GC/MS data from the ERT sampling
event at SMWT in January 1985. These data showed that
naphthalene, acenaphthene, and phenanthrene comprised
approximately half the total PAH concentration in the soil
at that time. An even greater proportion of the total PAH
concentration in surface and well water samples was due to
the presence of these three compounds.

Naphthalene and acenaphthene contain two aromatic rings,
while phenanthrene contains three. These compounds are
representative of PAR compounds present at the SMWT site
should closely parallel the behavior of all PAH compounds‘
interest (i.e., those with from two to six rings).

3.2 Generation of UV Fluorescene Spectra

After selection of the three target PAE compounds, UV
fluorescence spectra over a wide concentration range
were obtained using standard solutions. The fluorescence
data were used to determine sensitivity and generate
response curves. Based on sensitivity, the sample size and
volume of extraction solvent were determined to meet the
required detection limits. Sensitivity was sufficient to
use a small sample (l. g of soil or 25. ml of water) for the
screening techniques.

Considering site history, the proposed method was designed

to achieve a detection limit of 10 ug/L for total PAH
concentration in water and 1-10 ug/g in soil.

4.0 Method Development = Soil

The major steps in the development of a rapid screening method
for total PAE concentration in soils are listed bélow:
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1. Selection of target compounds.

2. Determination of spectral characteristics and Uv
fluorescence sensitivity range. - .

3. Selection of an appropriate extraction solvent.

4. Analysis of three sets of duplicate spikes as an
initial method development step.

5. Examination of the data from Step 4 to establish the
desired method validation range.

6. Analysis of five sets of triplicate spikes to establish
method accuracy and precision.

Naphthalene, acenaphthene, and phenanthrene were selected as the
target compounds as previously discussed. Excitation and
Emission maxima for each target compound were determined from
250 nm - 550 nm.

Because of their similar structures, naphthalene and acenaphthene

- have similar spectral characteristics and concentrations were

determined in spiked samples as total naphthalene/acenaphthene
concentrations. The fluorescence spectral information is

_presented in Table 4-1.

A guantifiable fluorescence response was observed for each
analyte from .01 to 1.0 ug/ml concentration in solution. The
mass vs. response curve becomes non-linear at the higher
concentra~- tions and the most accurate quantification is obtained
by working within a concentration range of 0.1 to 1.0 ug/ml.

Three extraction solvents were compared to select the most
appropriate solvent for the rapid screening of soils. BHexane,
acetonitrile, and toluene all gave quantitative recovery of a
150 ug/g PAH s80il spike (50 ug/g of each compound). However,
acetonitrile was chosen for the following reasons:

1. Acetonitrile gave rapid dispersion of wet $0il into the
extraction solvent; neither hexane nor toluene did this.

2. Acetonitrile exhibited the best sensitivity of the three
solvents.

3. Toluene is opague at 250 nm., which is the selected excita-
tion wavelength for phenanthrene.

At this point a preliminary set of duplicate spikes were prepared
and analyzed. Each compound was spiked at 0.1 ug/g, 1 ug/g, and
10 ug/g onto SMWT site background socil. Note that this yields
a total PAH concentration equal to 0.3 ug/g, 3.0 ug/g, and

. . 3
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30 ug/g. The 0.3 ug/g PAH spike was indistinguishable £
background soil levels. A range of 3 ug/g to 300 ug/g total

in so0il was selected for method validation. These results,
expressed as a percentage of recovery of naphthalene/acenaphthene
or phenanthrene, are shown in Table 4-2 and Table 4-3 and are
corrected for background soil contribution. Recoveries above
100% occur because calibration curves were extrapolated to
non-linear response regions, thus giving concentrations which
were biased high. This represents a "worst case" performance,
and this problem can be remedied by working over a concentration
range with a more linear response. The method protocol used for
this validation is described below.

RAPID SCREENING OF SOIL FOR TOTAL PAH CONCENTRATION
1. Weigh 1.0 g wet soil into a 40 ml vial.

2. Add 1.0 g anhydrous sodium sulfate.
3. Add 10 ml UV grade acetonitrile.
4. Shake vigorously for 15 seconds.

5. Let sample settle for 1 minute. ’
11

6. Filter sample through 0.2 micron teflon filter (with in-
syringe).

7. Calibrate instrument from 0.1 to 1.0 ug/ml for each targeﬁ
compound.

8. Analyze extracts by UV fluorescence, diluting the extract
into range as necessary.

Following establishment of method performance, four SMWT site
soil samples were analyzed in triplicate and the results compared
to those obtained by conventional GC/MS techniques. These
samples were prepared and analyzed by GC/MS using procedures
described in "Statement of Work for Organics Analysis Multi-Media
Multi-Concentration®, U.S.EPA Contract Laboratory Program, July
1985. PAH concentrations determined by GC/MS were summed and
recorrected for moisture content to give total PAH concentration
on a wet weight basis.

OV fluorescence screening data for soils from the SMWT site were

obtained using the procedures described above in the method

development section. Quantification was performed using a

slightly different method, described as follows: A mixture’
t

PAH compounds prevalent at SMWT site was prepared and analyzed
using two pairs of compromise wavelengths to calibrate
procedure. - This information is most easily depicted in tabular

ARSUT033
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Table 4-}

UV FLUORESCENCE CHARACTERISTICS OF TARGET COMPOUNDS

COMPOUND

napthalene
acenapthene

phenanthrene

EXCITATION (Ex) and
EMISSION (Em) MAXIMA

Ex Em
275 355
280 355
250 365

5

COMPROMISE
WAVELENGTHS USED
Ex Em
280 340
280 340
250 365
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Concentration
of Each Analyte
ug/g

Table 4-2

RECOVERY OF PAHs FROM SOIL VALIDATION SAﬁfLES

i Ut O = e

10
10
10
50
50
50
100
100
100

15
15
15
30
30
30
150
150
150
300
300
300

Total PAH f Recovery
Concentration Napthalene %t Recovery

ug/q Acenapthene Phenanthrene

65.5
57.2
73.9
78.9
73.9
84.2
71.1
66.8
67.8
95.1

106
99.1
93.3
91.0
95,3

AR301035

79.7
83.3
95.5
89.0
82.7
106.0
72.3
63.0
64.0
123.0
144.0
122.0
93.3
94.5
94.9
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Total PAH
Concentration

(ua/q)

3
15
30

150

300

Table 4-3

METHOD PRECISION AND ACCURACY
FOR TOTAL PAE IN SOIL SAMPLES

Average Recovery Average

Naphthalene/ Recovery (%)
" _Acenapthene RSD _(%)* Phenanthrene
65.5 _ 12,7 86.1
79.0 6.5 92.6
68.6 3.3 66.4
100.0 5.5 130.0
93.2 2.3 94.2

*Relative Standard Deviation

! AR301036
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form (Table 4-4). Note that standard concentration is r’
expressed as the sum of those compounds measured at each wav
length. Benzo(k)fluoranthene has not been observed at high
levels at the SMWT site but has been used to provide a typical

‘gix-membered ring PAE compound in the standard mix. This mix was

prepared in acetonitrile, the same solvent used for extraction.

Serial dilutions of the screening standard mix in Table 4-4 were
prepared to give quantifiable response over the component
concentration range of 0.005 to 1.0 ug/ml. This gave a range of
0.015 to 3.0 ug/ml for wavelength group 1 (3 components) and
0.020 to 4.0 ug/ml for wavelength group 2 (4 components).

Table 4-5 summarizes GC/MS and UV fluorescence rapid screening
data for so0il samples from SMWT. The results show that these
data from UV fluorescence screening compare well with PAH
concentrations measured by GC/MS. Discrepancies between repli-
cates may be due to a lack of homogeneity among soil samples.
This is discussed further in the Conclusions section of this
report. :

5.0 Method Development - Water?l

For rapid screening of water samples to determine total PAH
concentration, hexane was selected as the extraction solvent f
sample preparation using micro-extraction procedures.
procedure used for sample extraction is outlined below:

1. Mix sample. Add 25 ml of sample to a 40 ml teflon capped
vial.

2. Add 5 ml UV grade hexane. Shake for 1 minute.
3. Let sample settle for 5 minutes.
4. Analyze hexane extract by UV fluorescence.

This screening method was applied to three pairs of duplicates
for method development. A total PAE concentration range from
9 to 1800 ug/l was chosen for method validation. Note that this
equates to a 3 to 600 ug/l range for each target compound.

Method precision and accuracy data are presented in Table 5-1 and
5-2 .

Following determination of recoveries, the UV fluorescence
screening method was used to determine total PAH concentration in
the SMWT site water sample, SWl. Results were compared to those
obtained by GC/MS Analysis. As in the soil sample quantifica-
tion, the mixture shown in Table 4-4 was used for calibration.
The screening results are shown in Table 5-3. .

8 AR301037
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Table 4-@

COMPOSITION OF TOTAL PAH SCREENING STANDA&D MI

\ ! .

Stock Compromise Wavelengt
Compound Group No. of Concentration Wavelength Pair Grou
Concentration No. Rings in ug/ml Pairs Concentrat
napthalene 1 2 100 280/340
acenapthene 1l 3 100 280/340 300 ug/t
fluorene 1 3 100 280/340
phenanthrene 2 3 100 N 250/400
fluoranthene 2 4 100 250/400 )
400 ug/u
pyrene 2 4 100 250/400
benzo (k)fluor- 2 6 100 250/400
anthene
? AR301038
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Table 4-5

COMPARISON OF UV FLUORESCENCE RAPID SCREENING

AND GC/MS DATA FOR

TOTAL PAH CONCENTRATION IN SOIL SAMPLES FROM SMWT SITE

Sample

I1.D. Locatien

§S 1 Land Treatment
§S 1 Land Treatment
SS 2 Process Area
SS 2 Process Area
S§S 3 Pond

S§S 3 Pond

SS 4 Background

SS 4 Background

Total fAE Concentration

Technique i 25 (gggi) 83 _Avg.
UV Fluorescence 16.4 6.5 1.4 8.1
GC/MS 7.0 === === 7.0
UV Fluorescence 21.6 45.5 60.8 42.6
GC/MS 120. - --= 120

UV Fluorescence 104000 76300 85700 88500

GC/MS 19600 =--
UV Fluorescence 4.1 4.2
GC/MS 4.1 -

10 AR301039
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Table 5-1

RECOVERY OF PAHs FROM WATER VALIDATION SAMPLES

Concentration Total PAH %t Recovery
of Each Analyte Concentration Napthalene/ $ Recovery
ug/l _ ug/1 Acenaphlene Bhenanthrene
3 9 82.0 92.0 -
3 9 80.0 93.1 7
30 90 . 97.5 111.0
30 90 95.9 110.0
600 ‘ 1800 96.6 93.9
600 1800 91.4 98.8

1 AR3010LO
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Table 5-2

METHOD PRECISION AND ACCURACY
FOR TOTAL PAH IN WATER SAMPLES

Average

Total PAH . Recovery (%) Average
Concentrations Napthalene/ Recovery
(ug/1) Acenapthene RSD (%)* Phenanthrene
9 81.0 1.7 92.6
90 96.7 1.2 111.0
1800 94.0 3.9 96.4

*Relative Standard Deviation

12 AR30104 |
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Table 5-3

COMPARISON OF UV FLUORESCENCE RAPID SCREENING
AND GC/MS DATA FOR TOTAL PAE CONCENTRATION IN WATER SAMPLES

) TOTAL PAH AVERAGE PAH
SAMPLE LOCATION ug/1 CONCENTRATION
I.D. AVERAGE TECENIQUE ¢l $2 43 (gg/l)
sSw 1l Surface Water uv 3.1 4.4 6.3 4.6
sSw 1 Surface Water GC/MS 0.7 === o= 0.7

13 AR301042
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It should be noted that GC/MS results may be somewhat low due ’
low recovery of target compounds through sample extraction an
concentration. The surrogate recovery data from the GC/MS
results shows that 2-fluorobiphenyl, the BNA surrogate most
similar to PAH compounds, was recovered at 68%. However, average
recoveries for the PAHs for water samples were observed at values
above 80% (Table 5-1).

6.0 Conclusions and Recommendations

It is concluded that the rapid screening methods for determina-
tion of total PAE concentration in water and soil samples
utilizing UV fluorescence spectrophotometry provide an order of
magnitude of total PAE concentration, based on comparison with
data obtained by conventional GC/MS techniques. This conclusion
is supported by the data shown in Tables 4-5 and 5-3, as well as
the observations by the sample analyst.

Throughout the method development it was observed that the
homogeneity of the soil samples appeared to vary greatly. This
can create problems with data inconsistency because the sample
sizes for extraction and UV fluorescence analysis are very small
and variations in sample homogeneity will make it difficult to
obtain a respresentative lg sample. One possible solution

the problem of obtaining a representative sample is to extra,
each soil sample in triplicate, combine the three extracts, a
assay the composite extract to represent the total PAH concentra-
tion for the original site sample.

Additionally, the sporadic appearance of water droplets in the
hexane extract of water samples presented problems during the
method validation for water. This is not reflected in the
data as it was recognized at the time of occurrence, and fresh
dilutions were made, taking care to avoid water droplets in
the sample cuvette. This problem can be remedied by drying the
extract using anhydrous sodium sulfate.

With these modifications, these methods will serve as a reliable
means of estimating total PAH concentration in both water and
soil samples from the Southern Maryland Wood Treating site.

It must be stressed that the screening method is site specific,

and should not be applied as described to any other site investi-
gation without suitable laboratory modification and validation.

14 AR301043
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Attached for your reference is the hazardous substances list (HSL) volatile orqanic tupoundt and the

HSL sesivolatile compounds separated into base/neutral and aid axtractable irutions. -
VOLATILE DRGANIC CONPOUNDS ACID EXTRACTABLES . IASEINEUT;IM.S

[ 3184341341333+t 2 111413 1133113335313 1 HE3ff 373 FF 7T 3¢8 3] SEEECEZEZEIEERREZREIZEETERLRES

CHLORDMETHANE PHENOL ) NAPHTHALENE .

BRONOMETHANE 2-METHYLPHENDL 2-METHYLNAPHTHALENE

VINYL CHLORIDE 4-METHYLPHENOL ACENAPHTHENE

CHLORDETHANE 2,4-DIHETH¥LPHENOL DIBENZDFURQ& R

METHYLENE CHLORIDE 2,4.5-TRICHLORDPHENOL FLUORENE

ACETONE 2,4,6-TRICHLOROPHENDL PHENANTHRENE

CARBON DISULFIDE 2,4-DICHLORDPHENDL ANTHRACENE

1,1-DICHLORDETHENE 2,4-DINITRDPHENOL FLUDRANTHENE

1,1=DICHLORDETHANE 2-CHLOROPHENDL PYRENE

TRANS~1,2-DICHLORDETHENE 2~NITROPRENDL Dl-n~BUTYLPHTHALATE

CHLORDFORN 4,6-DINITRO-2-METHYLPHENDL BENI0 () ANTHRACENE

1,2-DICHLOROETHANE
2-BUTANONE

1,1, 1-TRICHLDROETHANE
CARBON TETRACHLORIDE
VINYL ACETATE
BROMODICHLOROMETHANE
1,2-DICHLOROPROPANE
TRANE-1,3-DICHLOROPROPANE
TRICHLOROETHENE
DIBROMOCHLORONETHANE
$,1,2-TRICHLOROETHANE
BENZENE
C15-1,3-DICHLOROPROPERE
2-CHLORDETHYLVINYLETHER
BROMOFORN
4-NETHYL-2-PENTANONE
2-HEJANDNE

TETRACHLOROE THENE
1,1,2,2-TETRACHLOROETHANE
TOLUENE

CHLDROBENIENE
ETHYLBENIERE

STYRENE

TOTAL XYLENES

4-CHLORD-3-METHYLPHENOL
4-NITROPHENOL

BENZOIC ACID
PENTACHLDRDPHENDL

INDEND (1,2, 3-cd) PYRENE
DIBENZO(a,h) ANTHRACENE
BENZD(g,h,i }PERYLENE
CHRYSENE

BENZO (b) FLUORANTHENE

BENZOD (k) FLUDRANTHENE
BENZD (2) PYRENE

1,2, 4~TRICHLOROBENIENE
1,2-DICHLOROBENZENE
1,3-DICHLORDBENTENE
1,4-DICHLOROBENZENE
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
2-CHLORONAPHTHALENE
2-NITROANILINE
3,3-DICHLOROBENZIDINE
3-NITRDANIL INE
4-BRONOPHENYL PHENYLETHER
4-CHLORDANILINE
4-CHLOROPHENYL PHENYLETHER
A-NITROANILINE
ACENAPHTHYLENE

BENZYL ALCOHOL
BIS-2-CHLORDETHOXY NETHANE
B15-2-CHLORDETHYL ETHER
B15-2-CHLORDISOPROPYL ETHER
BIS-2-ETHYLHEXYL PHTHALATE
BUTYLBENZYLPHTHALATE
DI-N-DCTYL PHTHALATE
DIETHYLPHTHALATE

DINETHYL PHTHALATE
HESACHLOROBENIENE _
HEXACHLORDBUTADIENE
HEXACHLOROCYCLOPENTADIENE
HEYACHLORDETHANE
1SOPHORONE
N-N1TROSO~DI-n~PROPYLAMINE
N-NITROSODIFHENYLAMINE
NITROBENIENE
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The volatile organic analyses results reported in this packiae A
are qualified for engineering pufposes only. The laboratory BFB
tune for OVA analyses did not follow the specific CLP protocol.
The GC/MS system must be hardware tuned to meet specified
abundance criteria for a maximum of a 50 ng injection of BFB (SOW
785, page E-16, Section 1.3). It is not permissible to co-inject
the BFB for this tune requirement with the daily calibration

standard because BFB is in this standard as a surrogate at'q

concentration of 50 ng/mL, which is 250 ng, on a column.

The specific impact (if any) on data quality resulting from this
tuning procedure could not be determined, even after consultation
with the instrument manufacturer and EPA personnel. As such, the
data were qualified as usable for engineering purposes only.
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